. Thorax, 29,[90][91][92][93][94]. Development of the acinus in the human lung. Development and remodelling of the acinus (those structures distal to the terminal bronchiolus) occurs during fetal life and childhood. Multiplication of the acinar air spaces and the structural changes they undergo have been described and represented schematically by summarizing previous studies, particularly those of the last two decades.
During the last two decades there has been much work on lung development and, in particular by Professor E. A. Boyden, on the development of the structures within the acinus. It was he who suggested that it would be useful to collate the findings at various ages and to present them in a comprehensive but simplified way. In the present report acinar growth has been summarized schematically, both the time of appearance of the constituent structures and the remodelling that they undergo from the early months of gestation through childhood. It has been our aim to give a general statement of the development of the acinus rather than the detail of the particular cases upon which the work is based.
MATERIAL AND METHODS
Over the last 10 years Professor Boyden has used the Born waxplate method to reconstruct the acinus at various ages ranging from 30 weeks' gestation to 62 years (Boyden, 1965 (Boyden, , 1967 (Boyden, , 1969 (Boyden, , 1971 ; Boyden and Tompsett, 1965) . These models have been concerned mainly with airways and alveoli. In this department serial and step sections of the pre-and intra-acinar regions in adults, children, and fetuses (Reid and Rubino, 1959; Bucher and Reid, 196 1; Elliott and Reid, 1965; Hislop and Reid, 1972, 1973a and b) of antenatal growth. Quantitative analysis using random sampling techniques has been applied to the growing lung, and the number and shape of alveoli have been estimated (Dunnill, 1962; Davies and Reid, 1970) and also size (Davies and Reid, 1970) .
The composite diagram shown in the Figure is based on the results of a number of studies. It represents what happens to the terminal airways and alveoli from the antenatal period through to the adult. Certain ages have been selected for illustration in the diagrams either because they represent landmarks or because serial reconstructions are available. Each of the stages is described in detail as well as the changes that occur between. In the diagram each airway branch or generation is shown as the same length, both at all ages and at all levels along the airways. Thus increase in length of the pathway in the diagram represents an increase in the number of generations. It also has the advantage that a given generation can be traced through all ages. The actual increase in size is shown by the measurement of an acinus at the given age. The acinus shown is not a reproduction of a particular acinus but a representation of the characteristic features of growth.
DEFINITIONS
The names used to describe the stages of fetal lung development are those suggested by the Commission on Embryological Terminology (1970):
1. Embryonic period-lasts for five weeks after ovulation (Boyden (personal communication) 3. Canalicular period-has been suggested to last from the 13th to the 25th week by Boyden (1972a, b) , while Loosli and Potter (1951) have suggested from the 16th to the 24th week 4. Terminal sac period-this lasts from the end of the canalicular period until term; the name has superseded 'alveolar', suggested by Loosli and Potter (1951) The structural limits within which the anatomical terms used in this paper have been applied are given below:
Terminal bronchiolus-the last airway generation along any pathway before a respiratory bronchiolus is reached: it is lined by ciliated epithelium and supplies an acinus.
Respiratory bronchiolus-in the adult, alveoli open into the lumen of this type of airway with part of the wall lined by ciliated epithelium. During early development the future alveolar part is lined by flattened epithelium.
Saccule-this structure is seen only in the three months before and at least two months after birth and is a large, thin-walled air space simple in outline and lined by flattened epithelium. It is transformed into an alveolar duct.
Alveolar duct-in the adult this has alveoli opening into it and nowhere cuboidal epithelium. The electron microscope demonstrates that this structure is lined by alveolar epithelial cells. Muscle and elastic fibres are present in the mouths of the alveoli.
Atrium-the name given by Miller (1937) to the distal part of the last alveolar duct beyond the level where muscle disappears. An atrium usually gives rise to at least two alveolar sacs.
Alveolar sac-the structure seen in the adult from which only alveoli arise; it is the ultimate airway.
RESULTS
INTRA-UTERINE DEVELOPMENT During the embryonic period, at the end of the fourth week a ventral diverticulum arises from the lower end of the tracheo-oesophageal sulcus; it is lined by endodermal epithelium and invested by splanchnic mesenchyme. This diverticulum bifurcates to form the two lung sacs; each gives rise to three lobar buds. By the end of the sixth week all bronchopulmonary segments have appeared. Further branching of the airways into the mesenchyme forms the bronchial tree. In section, the lung has a 'pseudoglandular' appearance that lasts up to 16 weeks' gestation.
At 16 weeks' gestation ( Figure a) The airways are blind tubules lined by columnar or cuboidal epithelium. All pre-acinar airway branching is complete (Bucher and Reid, 1961) and since the penultimate generation is the prospective terminal bronchiolus, only one airway generation is found within the acinus which measures about 01 mm in axial length (that is, from the end of the terminal bronchiolus to the distal edge of the acinus).
After 16 weeks' gestation, and during the canalicular period, new generations grow. The epithelium of these and the distal airways becomes so thin in places that it is only with the electron microscope that it is apparent as a continuous layer. This flattened epithelium forms the alveolar epithelium of the adult (Campiche, Gautier, Hernandez, and Reymond, 1963; Meyrick and Reid, 1970 At term the 'blood/gas barrier' is the same thickness as in the adult (Lauweryns and Rosan, 1971) although the alveolar walls appear thicker owing to a larger amount of connective tissue between capillaries. Elastic fibres are confined to the mouth of the alveolar opening while, in the adult, they are found throughout the alveolar walls. This arrangement may facilitate expansion during postnatal development (Loosli and Potter, 1959) .
POST-NATAL DEVELOPMENT Between the sixth and eighth postnatal week (Boyden, 1965; Boyden and Tompsett, 1965) Boyden and Tompsett (1965) ) The representative acinus has three generations of respiratory bronchioli and four of alveolar ducts that represent remodelled saccules; a terminal saccule is still present. All these are lined by alveoli (Boyden, 1965; Boyden and Tompsett, 1965) . The acinus is 1-75 mm along its axial length.
During childhood, as each part of the acinus increases in length, there is rapid multiplication of alveoli. Reconstruction would seem to indicate that increase in number is mainly due to development of new alveoli along alveolar ducts. After birth there is little further branching but each terminal saccule produces, probably by budding, a number of alveolar sacs (one to four) within the same generation, each sac containing many alveoli. The proximal part of the terminal saccule becomes an alveolar duct, the distal part the atrium-the name given to this airway beyond the last muscle in its walls.
Remodelling of the airways also occurs and may be of several types:
(1) along some pathways the terminal bronchiolus may be transformed into an extra generation of respiratory bronchioli by 'centripetal alveolization' (Boyden and Tompsett, 1965) ; (2) (Boyden, 1967) appear in the wall of pre-acinar bronchioli. They arise as epithelial diverticula which penetrate the peribronchial muscle layer and expand into large alveoli. These probably correspond to the 'spherical alveoli' of the adult (von Hayek, 1960) .
Boyden (1967) has described the appearance by the seventh year of the 'accessory bronchiolealveolar' communications of Lambert (1955) which facilitate collateral ventilation. Neither these nor spherical alveoli are sufficient to transform the terminal bronchiolus into a respiratory bronchiolus. A communication resembling a pore of Kohn but between acini has been described at this age (Boyden, 1971) . The time of appearance of the pores of Kohn in the human lung has not yet been established but they seem not to be present by 10 months (Marchand, 1912) .
At 'birth, 24 million alveoli are present, and by the age of 8 years this has increased to 300 million (Dunnill, 1962; Davies and Reid, 1970) ; according to Weibel (1963) this is the adult number. Recently, Angus and Thurlbeck (1972) have suggested that variation in the adult number is related to height.
Alveolar size changes during growth: in the first three years of life alveolar multiplication keeps pace with increase in lung volume and alveolar size hardly changes. Between 3 and 8 years alveoli increase in size as well as number, thereafter probably only in size (Davies and Reid, 1970) . From the age of 4 months the alveolar outline increases in complexity, contributing to the increase in surface area. The area of the air/tissue interface increases from 2-8 m2 at birth to 32 m2 at 8 years, and to 75 M2 in the adult, showing a linear relationship with body surface area (Dunnill, 1962) .
A detailed reconstruction of one acinus in a lung of 6 years 8 months has been described by Boyden (1971) weeks' gestation to adulthood the maximum number of airway generations thus transformed to respiratory bronchioli is probably only two.
Some of the adult alveolar ducts are first seen as transitional ducts and saccules before the 28th week of gestation: by birth, additional generations of saccules may be present and all are remodelled soon after birth to form alveolar ducts. These may increase in number after birth by division or perhaps by transformation of one generation of respiratory bronchioli. The distal part of the last alveolar duct beyond the level where muscle disappears from the wall develops into the adult atrium. The alveolar sacs and alveoli of the adult do not appear until after birth, the latter increasing in number and size with age.
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